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A REPORT OF A CONFEREUCE CV. 

ADVANCED COrTOf^TTHH — AN AnnESr>rTKHT OF TItE FUTUR E 

Juno 10-11, 1975 


THE CORFERENCF -- IN SUKilTAR Y 

. The conference vras hold to evaluate tho current status 
and future coimaitmcnt to composites bj'’ government and 
Industry. This x'oassessment, tho first rince Project RECAST 
in 1972 , was felt needed because of an apparent transition 
in the acceptance of composites. V/hei’ear composite applica- 
tions prior to 1972 vrero largely of the iiiate'^ial i cp la cement 
category, aircraft are beginning to havre comporito sccondRi-y 
structural components In their b-.seline design. Yet, their 
extensive acceptance for cecondar.y structure "and their 
grov.‘t!i tj priii/Ojy &tn?ctvre appcai-ad to bo reaching nev: 
obstacles. Thus, it v;ac opportune to have thvT management 
of govcrn:ncnt agencies restate their progress and commitment 
to the development of composites and to liavc induotxial 
management define their concerns hnd requirements to commit 
to the future use of composites. 

The most significant result of the RECAST study of 
mi was that tho barriers to increased utilization of 
composites were confidence and cost , a consequence, 
government programs since that time have emphasized substi- 
tution type flight demonstrations of cemposite aircraft 


• 2 

components and the development of manufacturing methods 
to reduco delivered cost. 

Tlie r<^ suits of the 1211 assessment ajjaln identified 
con fid rn on rn d cost as the major factor., inhibitirg the 
future use of composites. Currently^ hov;ever, corfidenco 
exists in applications to secondary .stnicture, whereas 
additional demonstration pjograws of primary structure 
are still required, including their continued operation 
in tho service ouvirouaent. The reemphaois on cost 
includes not only tho cost of a delivered component^ but 
also a \.arificatloa of assunu-id manufacturing learning 
curveSj certi ficat.’’ on co.sts, and mointcnance costs d’u-ing 
the lifetlmo of tho velJclo. 


THE AGEKCf 


VIEv7i-’0IKrS 


One charactorisui ’ of tho agency statements ^.ms the 
consistent as.surance of the potential perfoninnce l-onefit 
of advanced composites, Virturilly regardless of tho 
applic:.:;ion» each agency readily identified co;npos5.te 
component.^ which resulted in weight reductions of from 

f 

15 to 50v->, To utilize a composite material in the final 
item or component it must bo proven to be cost effective. 
Hie value of weight saved depends on the application, 
varying from 6 cents per pound for simple bridges to 
$50 to $200 per pound for aircraft to $1000 or more per 
pound for space vehicles. 
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The siuJimaries v;hich follov; eniphasizo the assessment 
and commitment to the major application*: of each agency. 
Each agency stated a parallel coiniii tnont to incrc: so the 
prcrMctability of thr performanco of composite otructuro. 


ARMY STATUS AI!D CCI-?.:iT: -n»:ilT 

krmy applications include the complete spcctnim of 
syatoms from aircraft' and missiles to ground vehicles and 
civil englncci'ing systems. Some of the current /!rmy 
component programs intended tc dcinonstintc the usefulness 
of at'vanced composite materials are listed in Fig^jre 1» 


has 


Tl'.e application of advrnerd composites to nev; dosigr.s 
been conservative and cautious because of the laclc of 


confldon in cost end long**tc:M duralility. Tl'c Advancer’ 
Dc/alopment Programr listed iu the fix'st figure vriLll 
evaluate structural co icepts ur.in:; advanced composite-s 
in r more liberal manner to explore their full pote"ti&lc 


In addition to the Advanced Dfvelcpment Program^ the 
Advanced Structures Technology Demonstrator (ASTD), shovoi 
in Figure 2, v/ill make maximuiii use of advanced composites 
in its baseline design and provide a test bed for component 
structural test and soi^vice evaluation. The ASTD aircraft 
is intended to overcome the limitations of replacement 
components and demonstrate the synergistic effect of 
advanced composites on the reduction of structural v;eight 
fractions, design gi'ocs weight, and installed horsepower. 


A prellminnrj' design study io noaring completion to develop 
structural concepts for a medium-range utility helicopter 
prototype. 

Hie culmination of the adv«*;nced composite design, 
fabrication and test programs is the installation of 
components on aircraft for flight evaluation. The Army 
plans for component and prototype flight is included in 
Figure 1. 

Perhaps the most radical departure from conventional 
military" operations In the past tv;o decades ha a been the 
grov;iiig trend tov;o:i air mobilit/, vrith the resultant 
tactical reliarce on the helicopter. Implicit in this 
. tr end is tii« need for lightweight, oor.t-c.rfectivo, 
reliable hclicoptei v. and the field equipmerit nn'-’ jr.rtericl 
to bo carried by them. Thus, r much greater use of 
advanced composite matax'inls vrill bo for applica- 

tions, such as those Listed in Figure 3r 

• 

For cost benefits reasons, most of the cm'rcnt appli- 
cations for advanced composites have been to meet aerospace 

f 

requirements, and modi*, of the Ar.ny applications have been 
for helicopter's. This is reflected in the current status 
and future plans for tJie use of composite materials in 
Army helicopters as sho;>m in Figure 4. 

The principal Amy effort in the area of designer/user 
cc^fidencc has been the deterioration program. Hie objee- 
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tive of this program is to predict and prevent chemical 
and m*^chanical deterioration in fiber-reinforced composites. 
The concept is to take wcll-chan'ctcriaed composite 
materialo and measure their properties before, during, 
and after onvironraental exposure. Another area of invosti- 
gation requiring user confidence is that of cempooite 
material damage tolerance. In an c'fperimontal evaluation, 
it was shown that hybrid composites containing Kevlar and 
graphite are superior in damage tolerance to motal 
components — and save v;elght„ 

t « 

Tlio major emphasis for cost reduction in advance 
composite materials is the manufacturing technolcg}’’ (h'r^ci>- 
pllnc. Some of the Aray’s recent efforts include automate 1 
tape laj ap and filnia'fnb vd.nding of 3.arge; comp?^ex’ see Lions 
of helicopter struct'rre; a raachino designed to utilise 
composite broadgoeds for the lajmp of v/idc pnx'ts or complex 
components vrith ribs and stiffeners; the use of 1( cost 
Hot Layup Tooling (HLT) to fabricate complex cemposite 
stnictural components; the microwave curing of thick 

composite sections,^ such as rotor blade root ends and tan’: 

•• • 

armor applications (cure time reduced from 16-20 hours to 
2 hours); and the Pultrusion process for the forming of 
composite reinforced constant cross~scc!;ion channels or 
shapes. 

Recent developments in graphite reinforced aluminum 
matrix composites makes this material attractive for /.ray 
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'applications. Riscot on the utilization of a low-cost 
graphite fiber ($5-$10 per pound) and tho development of 
a continuous wire/tapo production process, tho futux'c 
cost of Gr/Al composites is predicted to be competitive. 

• Several Army Gr/Al composite development and manufac- 
turing, technology programs are under way or planned, 
including the const *.’uction of a Or/Al v/ire production 
facility and the fabH cation of crevm frames and t»*ans- 
minsion housing stiffeners for the CH-A? helicopter. 

Future Aoiy program efforts vrill bo dli3(ted tov.'axd 
both resin matrix and rnetcl matrix composites dovelopno*:fc 
and opplieaticn for* aii'craft, as well as missl-los, su)*faco 
'vehicles. bri<’^ging compenoutr, protective equip .ant and 
weapenrj' . 

KAVr ST ATUS AT:T> C0^7-T7m! !T 

Tire Navy invclvemcnt in ad'.’anoed composite development 
began In the early 1960’s vritli thV. evaluation of compo.sito 
materials and feasibility demonstrations* By 1970 this 

technology base begfin feeding into programs concerned with 

# •• # 

small aircraft component dcvclopmcnc. Sevcx'sl of these 
components, wliich arc currently under constnxetion and 
evaluation, arc listed in Figure 5. These applications 
offer a potential weight savings ranging from to 
and a cost reduction of 17^ to Valuable Information 


for future aix*ci'aft designs will bo obtained in the areas 
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of conpo*nent reproducibility, production quality control, 
coot, operational durability,' maintenartco exporlonco, 
repair techniques, redesign rccoininendatlont and probler.: 
identification, Tlie tiavy ic alno evaluating battle damage 
tolerance and containment doalgn conceptn, including 
ful. -scale component tooting. 

The data and oxperier.co gained under these programs 
are currently providing the basis for the larg.i rrimayy 
structure component dcoigno r.ho\m in Figure 6, Tncec 
designs make extensive use of Gi’aphlte/Epo/ry (Gr/E) 
cor.pccltco In sccondarj'’ and primary .stiucturo. 

Advanced cemp'^ site foacibirity is fliTily ostabllohrd» 

Tho 'present quostion io thoir practice lit- , acceptability 
and exte.*t of use, Compo^itos tcchriOlegj'’ inuri. nov: rely 
on liui'ced rervico data, soft or question :blc cost estimates, 
metal backup designs, long development load time, axid a 
variable industrial state~of-tho- rt- Near term production 
applications are the key to advanced compositeo maturity. 

The critical technical/confidence factors are: (1) adequate 

design and fabrication technology, (2) long-tGxT.i service 
durability, and (3) greater credibility in production and 
life cycle costs. 

The current Navy commitment to Gr/E advanced composites 
for airframe applications is characterised by selected 
coraponents of secondary structure, full depth honeycomb 



primary* structure and flight critical primary’ structure 
.where accessability, metal fall-back, cost and schedule 
are satisfactoiy. Advanced design Navy aircraft being 
considered for advanced composites include the F-10, 
Advanced Harrier and V/STOL concepts. The currej.t F-lS 
design includes Cr/E in about 137^ of the structmal weight. 
More extensive use of these composites is expected in the 
V/STOL type aircraft duo to tho increased propulsion 
weight vrhich pieces a pramlun on airfi’ame weight reduction, 
as shown dramatically in Figure ?• 

Extensive use of composites in future Hav^- systems is 
dependent on a data base of mechanical pi’opertioo, environ- 
mental effoots, fabrication ch/iractei-isti cs and functional 
• factors, I»n\ 7 ’ compocltc cvalucticn pi’ogj ns v.'ill cnphasico 
the p.rea£ idontificcl in Figure C, particularly as they 
relate to the marine cnvironi.icnt. 

Other composite systems under invest J gaticn for speclfi 
applications Includes (1) C/Ti Cpppositcs for VTOL hot gas 
exposures; (2) Polylmidc rosin matrix Tor higli temperatures 
(3) Reinforced thermoplastics for lov£ cost formed sheet; 
and (A) Polyurethane ‘protective coatings for I’csin mr. trix 
conpositcf>. Characterisation is of particular iuportauce 
in quality control and emphasis will be placed on the 
evaluation of detection techniques to identify and control 
the molecular structures concerned. 


Tlio objective of tho Navy data generation prograna is 
to establish a sufficient data base for the acceptance of 
composites in future designs -- v.*ith confidence in their 
performance and durability. 

AIR- F- RCE STATtlS A?ID COM ^ITT-lKtlT 

The Air Force emphasis on confidence and cost includes 
matcrials/inanufar turing procorsca, component demonstrations, 
service experience, life assuianco, and conceptual design 
studies, A vaiiety of aircraft sbinictural components are 
being designed, fabricated and evaluated, as shovai in 
Figure 9, to gain experience for production ar.J flight 
dc'nonsti-atiou. Other, moro recent, component fabrication 
. progvciiis lnc!Iude tho 13-1 horisontal stabilijjcr, F-X5 epood 
br-' ':e, F 111 hor.iaontal str.biiiser and Advanced Dcvolopmrnt 
Program torque box covers. 

The Air Force in- service evaluations, listed In Figure 10, 
have greatly increased confidence in tho operational uso of 
advanced composites. Some performnneo difficulties have 
been uncovered, ouch as thin skin damage, moisture Incursion, 
hole deformation, disbonds and maintenance damage. Correc- 
tions have been relatively straightforward through design 
and fabrication modifications, Evidence indicates that the 
ability to repair is excellent, but criteria on when to 
repair are Lacking, 


Ano.thor potential ueo of advanced composites is oncino 
components, such as fan blades, stator vanes, coMpre:;sor 
blades and frame sections* In tiiosc applications, both 
weight and cost reduction are important and will bo 
exploit. c<’* As ahov.M in Pigu: a 11; cor.poaitoc in current 
militaiy engines make possible a 30-40?i component \.'cight 
and cost reduction. 

The ’’first generation" of Air Force au\'anco compo.sito 
structures v/ci‘c designed on a material sutstltution l.asis. 
The "bocond genurntion" of designing foi* composites during 
the conceptual stage hue been iJiitiuted in the Light V*oig!.t 
Fighter forn'aid fuselage program end the B-1 empennage and 
secondary stnicturo prograr.s, 

A major coat reductio'. pi ograiii includes the dcvw.^pment 
of nv.i or improved matoricala and innfa oeuring I'ictlioda. 
These ’'major tiiraots’’ in componcr t cost reduction arc. 
Indicated in Figure IH In pnrtir.uln> , gi'aphite rc'^fci’ca-- 
ment could be obtainable at $7-i>/lb. in the near fatviro if 
sufficient volume production could be achieved througJi • 

coitimerciai applications. 

0 

An item of growi.n’g interest to all is the amount of 
energy required to produce aircraft components. Advanced 
composites offer significant energy cavings. For F-15 
wing skins, advanced composites offer a 6- fold reduction in 



energy conparod to aluminum and a 45-fold reduction 
compared to ti-'.nium. 

It is clear thr.t the dovolopmcnt of advanced filnmcntar>* 
composites has progressed v/oDl beyond n inetorisls technology 
into a stinictural and air vehiclo system technology. As 
indicated in FJgui'c 13f during the past five years, a 
stable material baso and the ability to design stiffiiass 
critical ctrueture'^ has emerged and aevcral such components 
have gone into production. 

During the next five yearn, tlio ability ^^ill bo 
dovclcpcu ilirthcr to apply composite uAterialc to larger, 
strengt!) c»'itlcal ctracturoc. Erlcting applicttions will 
.continue to evolve in aircraft, engines, nissllcn, and 
spacecraft. Compesito structures \;ill come into actual 
cost parity and begin to sUo\} as raucli an 15/^ cost navi’ig. 

Beyond tho cai*ly 19tJ0'c tJiO opportunity for a substrn- 
tial, voiiuso production of com’'osito fJt7”icturcc will bo 
apparent. Designs for advcncod air vehicles built pi-e- 
doninantly from composite materials will develop v;lth a 
significant dopartufo- from today's vehicle designs and 
production approaches. In this period, tho airframe use 
of composites will grow from tho current 5-lOJ^ to 40-65^t. 

In tho near tci:., the factors to be addressed must 
include structural certification strategy, detailed design 
of strength critical structure, low cost unnufacturiug, 


matorials^ and aoroolastlc tailoring. At present, cither 
composite structure must bo ovorJeoicnod or each article 
must be proof Icoded to moot the rcqtjiremonto of the 
Aircraft Stnictnrol Intcgrit/ Program and Mil Spec 1530. 

Life aeauranco techr.ology must be available before the 
general use of composite materials in airframe structures 
can become a roallty. 

The Air Force managewont options for composite structure 
are chovai in the voiy prelimin: road;.i3p of Figure l/». 

17ic i^acing techno? jy in the midterm in the conversion of 
the composite iaatcrials/atruct.uros potential into an 
ad\^nce'* •'•ystcnis potontial. This could be accomplislied 
oith*';- by a rtep by step o/oli'tlon t1a*o\ig^ a coT.-ponent 
modification program or by experimental domonrtraLjen 
through dcmonsti*ator/protf-typc aircraft. Tne cnip.jnnac", 
wing, and fuselage rcplacerroiit conii ono.at a for the D-J, and 
F-l6 aircraft v/ill be o\ailable in 197^> or 7v. 'fhc study 
and prcllmlnaiy design activities, to support an advanced 
design composite aircraft woiild also bo definitive by 
that time. A decision must then be made either to continue 
the step by step pro'ccsscs or move toward a complete 
demonstrator vehicle. The fuselage components are a 
continuing development for existing aircraft, v;hercas the 
integration demonstrator leads to the prototypo/production 
opportunity. 
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» ORIGINAL PAGK IS 

OP POOR QUALITY 

Tho pi'ojccted Air Force economic conndtment to con- 
tinue* the development ond ti'ansition of composite tochnology 
into system eppll cations is shov/ii in Fi^iure 15 . Erploratori'’ 
Dovolopmont funds will be used for the technoloi;/ base and 
nev;^ technologj’ loads, such as a moioturo resistant resin, 
a fracttjrc arrist mechanism, a nev; analysis tcchiiquo, etc. 

A substantially increased progr m ia plniincd to dcvclo,> nev; 
or improved; lov: cost Mnufacturin^ toc^.niquc3^ Advanced 
Development include- the Air Force’s stnictural dcinonstration 
programs, the life ascurance fx'ograms, and the systems 
intecration activiticr. 

In suminai^, v.'hllo progress has been rubstantinl dui‘ing 
the firiJt half of this dwoadc. cc.rtinv.cd Jcvelopncrtt effort 
will bo required throi'ghout tho rest of tills decade. It 
can bo projected, at evrreut invc*. tcient rates, that a 
mature advi.iiced composite structures tccimologj' vr-’l?. oxiKt 
in the raid-cightios to whicli the Air Force could confidcntl/ 

• commit a complete composite airframo to a production air- 
craft program. 

NASA STATlh S ATID 

The NASA advanced composites prograr", summarized in 
Figure 16, has emphasized confidence building through an 
on-going base technology activity, design and cost studies, 
and hardivarc applications, Tlio broad application goals 
emphasize commercial aircraft, but also include military 


% 
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aircraft, hcliccptera, aircraft engines, and space trans- 
portation s/stons and payloads. 

As shov.-n in Figure 17, a number of advanced composite 
applications have been made or are under study for a 
variety of npicc vehicles. Particularly important is the 
production use of several eom^^osito r..atorials on the 
Space Shuttle. Safety and reliability wore factorc in the 
selection of compocito ovcrwx’appo^i tanka because of tholr 
nondestructive fail\iro mode. Tlie specialised use of low 
coefficient of expansion composites is particularly well 
suited to space stinicturos, su.ch ar telescopes, which 
require precise diuiersional stability. 

. .NASA has initiated a oomprehensive program to iinprovo 
the impact resistance of advaui cd composite blades through 
tho use of fibe*r hybridisation and improved resin m><tc. lain, 
and a more ductile metal and Dargcr diameter filers in 
motal matrix composites. Tho improvement in impact rcals- 
tanco for a largo resin matrix blado is ckown in Figure IS. 
An interdependent Air Force/NASA prograi- is directed 

tov.’ard meeting the TOD requirumenta of H/Al corupcsitG 

^ •• • 

blades for the T-*79 engine. 

A significant effort is being devot.d to determining 
the effects of long-tcnn environmental exposure on tho 
properties of composite materials for r ’.rframe applications. 
Stressed and unstressed samples are exposed world v;ide 
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.at several airports, Laboratorj' simulation of ambient 
and altitude pressures/temporaturfes and outdoor exposure 
up to 50,000 hours, followed by tostinc of exposed 
spccinens is presently underway on numorous t pea of 
advanced compooltcs. 

The NASA flight service programs, sumj-^arized in 
Figure 19, are conducted to obt.ain experience- in tho 
design, manufacturing, and opera tionr-.l performance of a 
variety of aircraft components. Tnc prir^j-Y focus for 
the flight programs i« corimorcial aircraft v;hicli allow 
tho accvraulatioii of about 3000 lioura per /car of flight ^ 
time. 

The co’nplexity of tlic demonstrtation compciientc has 
increased from tlij carlj faii'in:,s, tlnough progre.ssively 
more complicated secondary structuio, to tho recently 
initiated L-1011 vertical tail progiam, .ehovm in Figure 20, 
Each of tho coimn’orcla 1 aircraft fliglit articles i.c VAf. 
certified and flo;im by novoral scheduled airlines. A total 
of over 2,5 million flight hours v.Ill bo Jogged on these 
components by 1932.' 

NASA’s future advanced composite programs are primarily 
aimed at tv/o applications, Tlie first is a continuation of 
program.^ to demonstrate lov; cost and long life and to gain 
maintenance and repair experience for applications to civil 
aircraft and engines. Tlie second suppor-tr. the v/idc variety 



of devices used to go into, operate in, and explore and 
exploit space. 

A future commercial transport night consist of a 

composite vertical tail and horizon bo 1 stabilizer, composite 

fuselage, comp<^alto nacollos, and o composite wing — in 

other words, virtually the entire aii frame could be of 

advanced composites. Rocent progress in producing FOD 

resistant, advanced composite fan blades has convinced 

NASA that the required toughness can bo nchioved. Thus, 

a large portion of the cold end of the engine might contain 

composite*;. At ..omr later time, high temperature conposites 

such as eutectics and fiber reinforced svperalloys, could 

be used in the turbine (hot) end. of tlie engine. 

# 

The payload of future space shuttles could bo imreased 
by the incorporation of additional advanced ccinposito 
conponents. Further in the future, a much greater payload, 
second ge.ioraticm space transportation nyston might have a 
higher temperature, advanced compbsite primary structure, 
control surfaces, and tanks, 

t 

NASA has a firm, commitment to continue the advancf l 

^ *• # 

composites, base technology program and an equally firm 
commitment to conduct those demonstrations needed to assure 
user confidence in performance and to verify predictions 
of lov/ initial and operational coot. 


iv 


A major program currently being planned is the design, 
fabrication, ground tost, and flight service demonstration 
of an advanced composite wing, as shovm in Figure r*l. Flight 
service v/ill be demonstrated on a coirjncrclal transport witl» 
a wing span of fiO to 100 feet and a target weight cavings 
of 

In addition to the composito wing, a program is being 
planned to apply advanced comi^osites to a sicablc section 
of P civil aircraft fuselage. Tho program is in its early 
planning stage and would follov; tho v;ing. The initial 
concept is to design, fabricate, ground test*, and perhaps 
fly a fuselage section sorr.o twel.o feet in diameter by 
about twcntj'-flvo feet !Iong, 

•• NAS\ will continue to p’arcue its interest in applying 
advanced composites to the cold end of the eng'^ne — • vdth 
most of this interest concentrated on frn bladcc. Lliture 
programs viould include fan blades, fan frame, and tlic 
containment ring. Tho pi’ogram vrauld provide design, 
component development and ground tests, including those 
to demonstrate resistance to foi’eign object damage» 

Tho application of cornpoailrs to the current space 
Shuttle has already been mentioned, Tne goal of a recently 
initiated program is to develop materials and manufacturing 
methods for composites to operate up to 600®F, and to 
fabricate and test full sice structural components. 


The 


program has boon designed so that the option Is retained 
to demonstrate perforrianco on a Shuttle vehicle at some 
later date. 

Figure 22 io a financial siunmai'y of the NASA on-going 
and- future programs. These programs constitute the con- 
tinuing NASA conjrr.itnont to the development of composites, 

NASA has a stx’ong conviction that composites will make 
a significant contribution to the ni'tion’s fixture and is 
final/ committed to a grovdng and aggressive program to 
dcmonr.tjato the technological readiness of advance*’ com-- 
posives for spacecraft and co..«?.orcial aircraft and engines. 


COM: OSXTES THE NATURE OF xn^urTT?T;.T. cor-r-iiTi-iSn y 

A ROUMDTAHLE 


Tlie roundtable discussior might b^st bs characterised by 

a mood of cautious optimlsiTi, It v;as clear t!iat the deteriing 

factors to the acceptance of composites v.as confidence in the 

lifetime behavior of the materials am! in their initial and 

life cycle cost. The ultimate user of t!iC vehicle cystom, 

be it militarj’’ or commercial, must have the assurance that 

• • # 

the product will perform as designed and that there vdll be 
no surprises in terms of maintenance and operational cost, 

AinCRAFT I-nnUFAC THPEHS 


During the past ten to fifteen ycai’S; the aerospace 
. industry’s interest in applying composites has basically 


ORIGLNAL PAGE lb 
OF FOORSHJAUTY 

f 

remained the same, a dosiro for more efficient airframe 
structure. But the promise of composites is yet to bo 

fulfilled* An Insufficicrt under w’>.andl.nt; of composite 
perform' nee is rcfloctei in the feeling of high risk 
relative to the cur'? ent standard of inetalMc structures, 

NG^^her the government nor industry appears confident 

enough to proceed aggressively to full scale use oi* 

% 

’composites in military airerr Tt. Overselling their use 
results in a belief that the success of composites v/111 
oiil> be acliieved through 100/^ usage for structuval 
cowponen’es*. This o;oi'sell3ug is closely allied to the 
governnont process for obtaJniag fundi v.’hicii allov;s for 
saccoL'ses only, both in ted’iiolog'/ an'! in major v.'capon 
system dovolopme.'ito. A nu. ibor of coiup^'>slten technology 
programs have oxpei'lcnced chars c tori sti.e stai't and fa.lse 
stirt, as v/cll ns stop and go, syndromes. Recent military 
aircraft program.^ indicate that thero has been a lack of 
high level government and vehicle program SPO confide:ice 
in the application of composites to inport'ant vehicle 

system programs, , 

^ • • 

The tendency for government interlaboratory competition 
for responsibilities and goals has appeared to delay progress 
in some development programs. Industry has a parallel dif- 
ficulty in the internal conflict.^ betw-^cn experience r.atoi'ial 
designers and the now composite design specialists. 



The manufacturer repcatccHy has heard over optimistic 
projections of material costs, which never seem to reduce 
as rapidly as the annual projected forecasts indicate. 
Purthemuro, nonuniformity of batches of materials seems 
to bo the norm on most componite programs. Tlie limited, 
small statistical samples of raatorials and components on 
which future behavior im.int bo predicted is not confidence 
Inspirinc. On liiese bases, cof. tradeoffs arc still 
marginal, tlio roliabilit/ of the cost data are questionable 
and cost benefit ratios nc:d to be more clearly understood 
and defined. 

On the positive sicle, tho rapid progress of composites 
in the last 10 to 15 years compares favorably vd-th that of 
metallic materials introduced in tho pasti Tixe deliberate, 
simultaneous development of nmtcrjals, dosr’gn. rnalyoic, 
and manufacturing teclmologies is ono factor in this rapid 
development. ITie early recognition .and achievement of 
competitive materials sources is indicative of the simul- 
taneous development. 

Systems design studies and composite component develop- 

t 

ment and test prograrns have satisfied the Initial goal of 
demonstrating potential weight savings on a substitution 
design basis. These design studies led to the early 
developr.iCnt of production applications, such as those on 
tho F-IA and F-15 aircraft. Finally, the evolution of 


.basic tcchnolocios at user facilities, rather than 
exclusively at universities and (rovernn;<?nt laboratories, 
will aid Jn their early use. 

llie inhei'ont advantages of composites in weight, 
stiffness, and strength, together with their potential 
cost saving and increased service life, wake them most 
attractive for almost every t;,pe of future military 
aircraft application. V/lth sufficient confidence In 
the toclmical and economic aspects of composite applica- 
tion to pj'oduction compononts, extensive use will occur' 
on future militarj’- aircraft. 

In coirrr.crclal tran.^port aircraft, advanced comp:.sitcs 
in secondary structures vrill be the basic for an evolution 
ar>' Incrcat.e in secondary structure aj)plicatioMS, p"ovidcd 
they 9rc cost effective. This cost effectiveness v;ill 
have to cover, of couise, both tire initial cost and m::in- 
tenanco or cost of ovmerchip. However, no one at this tlrr. 
has the confidence or tho background to commit to tholr 
use in primary structure. V/ings now cost on the order of 
$i*0 per pound and a*ny nc*.; material must be comi>c;titive in 
terms of total life cycle costs. 

The current trend in court judgements on the broad 
subject of product liability is of increasing concern to 
anyone considering the use of advanced technolog}'. Any 
nc\/ material must hive the same high of safety and 


reliability as that which is bcln^ roplacc<1. The current 
NAS'l Programs hove been insufficient in scope to get the 
needed experience. Obviously, the FA A a*.l the airlines 
must be deeply involved in such progruicti. 

, Tno general aviation manufacturers have been following 
the development of composites for potential application. 

The greatest deterrent to use is cost. Graphite, which 
has looked best, is far more cxpeucivo per pound than alumlniMn 
In addition to the basic material cost problem^ relinblo 
miinufacturlng methods must te able to produce parts v;hich 
arc cost competitive in the less expensive, genox*al aviation 
aircraft. 

lad: of (iXi)Qirici,cQ or confidence is another proMon*. It 
took many yc.irc to develop the skills for dcslgain^ and 
building cafe general a'-iation eii fi*amo structure, from 
metals. Although these nev; matox'lals arc attractive in 
many \:ays, there is little h.opc for extensive use until 
lower cost and better confidence exist. 

Aincr.’AFT F::GT!'r. ?^ 

Presently, 2~5?» of the weight of current engines is 
composites. Projections for the use of composites in 
engine structures and rotating parts indicate a weight 
savings of 30-35/^ and a concurrent cost reduction of 20~25;S. 

Tlie primary fan blade problem continues to be the 
sensitivity of composites to foreign object damage (PXjD), 


HeadvMy is boinc made toward a oolution to this pjoblem, 
but it is still a lon^; off. Solution of this problem 
is an absoluto requii onont before- coinpoaito materials v/ill 
bo used in rotating engine p:rtn* Both the weight and 
performance benefits possible v:ith composite fan bladosi 
however, \<arrant solving the FCD pi'oblcra. 

In sui.unaiy, progi’css to date hat boon alow, but sitis- 

factor/* llic contiivied development of composite blade:., 

frames and containmont .‘diould ultimately be combined in a 

composite demom;trator engine program* The demonstrator 

would be thoroughly ground tested and certified, follo\;ci 

by erporJmrntr'' flight testing, C’ i flight acceptance for 

in-service demonstration, 

* • . / 

Because of tho preront economic situation, the Air Trans- 
portation Industry \/ill not be able to absorb tl)o economic 
disappointnc its of new technology, in tho l^l^ure a:; tl)cy did. 
in the past. There fore, homev/ork must be done more tliovough.i 
in the future before the introduction of nev/ and even more 
€J:pcnsivo technologies v/ill bo accepted. 

A nov/ structural technology m.uGt not contain any main- 
tenance and reliability surprises. Quick, field repair 
without the need for exotic equipment is a major requironcTit. 
Aircraft out of service time, duo to the kinds of structural 
damage prc-ocntly oxpoi’ienccd, mu.st not be increased because 


of composites. 


The NASA prt-poscd composito v/lng and fusolago profrana 
arc comncndable and nhould bo stipportcd v/dth the pr< per 
funding to aec th«n through coniplction. lliJa Includea a 
flight tost progren in a cirnulatcd airldno oporatior. to 
gain the knowledge concerning time, cyclen, and environ- 
mental effects on compoaito atructuros. 

The confidence level in all aspects of this now otruc- 
tural tochnolog-/ must bo high before coir..iltting it to urc. 
Greater involvement of FAA in composito tlcmonativatlon 
. programs r.uct bo assured, boenure KAA certification is a 
must to the airlines* 

SP/iCF'^R.iFT 

Tlie Icrgost, near term use of comp'^sltcn in sj 'itoera'’t 
will bo in Spare Shuttle orbitern* Tlia arbiter nov; 
utilises about 5,000 pounds of composite structurOi 

Other uses for composites on the Shuttle nro boirg 
considered, as v;ell as thoir use bn other spacecraft. The 
shuttle and other spacecraft are unique in that the cost 

for putting a pound, into oi'bit is far greater than the 

•• # 

costs experienced in the fabrication of composite structure 
and the number cf operational cycles is orders of magnitude 
loss than aircraft. 

Future technical development should be channeled to 
develop composites for higher temperatures, more efficient 



25 


0 

and roliablo docign and fabrication tachniquos, a broader 
base for new v/oven fonr.' of graplilte, and the improved 
toughness of materiala, 

KATEnTAT .S S iWTT.TEn S 

Conaidorablc rcacarch and development work has been 
done by the DOD, Ui\SA, private induntry and uni verci ties 
to gain the required understanding of composite iratorials* 
Currently^ the user is concerned v;ith moisture effects 
(particularly at high tompe-aturo), impact resistance, 
and the nonductlblo pruportios of ccmporlto, but those 
problema aro not insnn:.euntablo* 

The cost of a finished product is c. major consideration 
.in "met- i'iuls selection. Although the comporltc raw natoriils 
costs aro high, the fabrication and asse^ibly costs aro 
usually lower, so that the overall coat Is lower £or typical 
applications. In addition, the price of graphite fiber is 
dropping and v/ill continue to go dovm as .he vr luno increases. 
The following table shov;s the probable trend. 


FIBER PRODUCTION 
VOI,Ur*F, (Ib/'.-r) 

FIBER COST 
(JT*/lb) 

t 

20,000 

150 

50,000 

75 

100,000 

50 

1,000,000 

25 

2,000,000 

20 
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ROUiIDTAP ' .F! SU W.-ARY 

• Tho rapid pro(;rcoo in the development of compos! tco as 
a class of r.nteriais and the rapidity of their maturation 
v/ere observed on ntiwoi’ous occasions. In tho lon^ toni| 
tho panel em’inioned extenr.ivo use* of compositoa witu an 
evolutionary inci’easo fro.a their current limited use in 
secondary structure* Economic conditions arc such that tho 
near tor.ii risk to extensive use of composite.’ cannot ha 
justified in tlic cun’ont aororpaco maikctplaco. 

Continued technoloGJ- cCfoits Lust address each of tJic 
issues discussed by the panel? hc'./cvcr, tl;u follov.'in^ 
factors ai’o key to expanded use? 

1* Tiio effect of lone ter.n crr^iromental factors on 
the porfortiancc of composite stiucturcw najcl bo un:*r.rs‘.ocd. 

2* Tho cost of cO'iiposito mctcrials/sbractui’os musi; be 
realistically fcrecast rind reduetJ. 

3* More emphasis should bo placed on tho dc/clopmcnt 
of manuracturlnc methods as v:ell as life cyclo naiintaiu- , 
ability and reliability, 

if. New demonstration components incorporating major 
composite applications should load to a larger statistical 
productlcn and flight sample. 
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FIGURE 4. USE OF COOTOSITE ^UTERIAL5 
IN ARI.rf HELICOPTERS 
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FIGURE 6. NAVY PRIM'iRY STRUCirRE 
DESIGN ^irniEG 
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FIGURE 7. PATLCAD vs VEHICI-E V.'EIGHT 
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F IGURE 11 . AM ANCED COMPOSTTH SAVTIICn P THT K ^THTUr: 
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FIGURE 12. AIR FORCE ADVANCED COr-TOSTTK MAJOR THnU^TS 
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FIGURE 13. AIR FORCE CC!?CSI?SS TECKMCiX)Gr T.!ILSSTC::SS/CCALS 
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FIGURE U. Aia FORL-Is PRELHITKARY C(»POSITE 
STRUCrjHES ROADI'JIP 










FIGURE 15« THE AIR FORCE COKT-CETMENT 
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FIGURE 16. NASA COMPOSITES PROGRAi‘1 


# • 


' WQWtB 17» tIAS/i S PA CE VnHinLTS COMPOSITE APPLIC^TIOMS 
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FIGURE 18. N;\SA IMrACT IRPROVEIIENT PROGRAM 
TF39 COMPOSITE FAN BLADE 
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FIGURE 19. liASA FLIGHT SERVIC 














FIGURE 20. L-lOil VERTICAL- FIN 
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FIGURE 21. EISA C0?5P0SITE KING PROGRAH 




